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Description 

[0001] The present invention relates to a molding material which is superior in strength and heat resistance and is 
capable of easily performing waste disposal after use, and a molded motor using the molding material. 

5 

Background Art 

[0002] Although thermosetting resins comprising an unsaturated polyester and an addition-polymerizable resin as 
a skeleton are sometimes used alone, they are exclusively used as a composite material and about 80% of them 
10 produced are used as a fiber reinforced plastic (FRP). These thermosetting resins are applied to molding materials, 
laminates, adhesives, paints, etc. because formulation of fillers and additives (e.g. inorganic materials, etc.) and rein- 
forcement by fibers are easily performed. 

,[0003] On the other hand, a three-dimensional structure is imparted to these resins by a curing reaction to convert 
into an insoluble/non-fusible solid. Therefore, it has hitherto been considered that these thermosetting resins are not 

15 easily decomposed and are not suitable for regeneration treatment and reuse, which results in disposal of them. 

[0004] Molding materials are molding compounds prepared by filling inorganic materials (e.g. glass fiber, calcium 
carbonate, talc, silica, etc.) or organic materials (e.g. pulp, wood, etc.) into a resin as a binder. These molding materials 
are used for various applications in the industrial and household fields because large specific strength and specific 
rigidity are obtained by filling them. 

20 [0005] Since these molding materials are composite materials, it is generally difficult to perform regeneration treat- 
ment after use. Furthermore, if the binder resin is a thermosetting resin, a three-dimensional structure is imparted to 
the binder resin by a curing reaction to convert into an insoluble/non-fusible solid. Therefore, it has hitherto been 
considered that the binder resin is not easily decomposed and is not suitable for regeneration treatment and reuse, 
which results in disposal of it As the problem about wastes has attracted special interest recently, the development of 

25 the reuse/regeneration technique has been required and a study of conversion into raw materials by heat decomposition 
has started. However, advantages of the thermosetting resin or molding material (e.g. hardness, magnification of 
strength, heat resistance, non flammabiiity, chemical resistance, etc.) make it difficult to perform waste disposal from 
the technical point of view. 

[0006] Recently, an apparatus using a molding material comprising a thermosetting resin as a binder, e.g. molded 
30 motor, has been applied to household apparatuses, industrial apparatuses, business apparatuses and the like. Since 
the molded motor is superior in silent running properties, vibration-damping properties, insulating properties and main- 
tainability and is capable of easily performing automated production. because of compact size, its demand has been 
rapidly increased. 

[0007] A molded stator of a molded motor, which has hitherto been used as A.C. motor, brushless D.C. motor and 
35 the like, generally has a construction, for example, disclosed in Japanese Laid-Open Patent Publication No. 1-214740. 
The molding material used herein contains a thermoplastic resin (e.g. polyethylene terephthalate, polyethylene, poly- 
propylene, nylon, etc.) or a thermosetting resin (e.g. unsaturated polyester, vinyl ester resin, phenol resin, etc.) as a 
binder and further contains an additive (e.g. calcium carbonate, talc, carbon blaGk, etc.). 

[0008] The issue on wastes has become more serious and the urgent development of a volume-reduction technique 

40 and a disposal technique for reuse of discarded thermosetting compositions or molded articles of molding materials is 
required. Particularly, a large amount of fiber-reinforced unsaturated polyester resins are used for the production of 
fishing boats, tanks or large products such as housing materials and, therefore, problems about decomposition and 
regeneration treatment of wastes are serious. The molding materials comprising a thermosetting resin as a binder are 
exclusively used as a structural material because of magnification of strength and sometimes contain other materials 

45 such as metal. The metal is a valuable material which is expensive in comparison with a resin material and its possibility 
of inhibiting regeneration and reuse is a serious problem. That is, according to a conventional construction and disposal 
method, the problem about wastes remains unsolved with respect to the molded article of molding material at present. 
[0009] At disposal of the molded motor, it is preferred to remove the molding material, thereby recycling metals (e. 
g. iron core, winding, etc.) as valuables. In conventional waste disposal, valuable materials are recycled by firstly 

so shredding a molding material using a shredder and then selecting the valuable materials (e.g. iron core, winding, etc.) 
from shreds* Regarding the molded motor having the above-described construction, a shredding process is avoided 
because teeth of the shredder are easily damaged by the iron core and winding. Therefore, the molded motor is dis- 
carded without recycling the valuable materials, and buried under the ground, together with other wastes. Since the 
above-described molding material is not naturally decomposed by burying under the ground, silicon steel plates, copper 

55 wires, etc. used for the iron core and winding are buried without recycling in spite of high material value even after 
used as a motor. Furthermore, a conventional decomposition method'such as volume reduction by heat decomposition 
can not be applied to the thermosetting resin used as the molding material. Accordingly, a conventional molded motor 
has a problem that shredding and decomposition of the molding material can not be applied and it is difficult to reuse 
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valuable materials (e.g. Iron core, winding, etc.) at disposal. 

[0010] US-A-3 830 875, US-A-3 997 627 and US-A-5 270 357 disclose compositions comprising an unsaturated 
polyester component, a low shrink agent component and an addition polymerizable monomer containing a functional 
group and having an affinity for alkaline solution. 
5 [0011] Accordingly, the primary object of the present invention is to provide q molding material capable of easily 
performing waste disposal. 

[0012] Another object of the present invention is to provide a molded motor which can be separated and divided. 
Disclosure of the Invention 

10 

[0013] The present invention provides a molding material comprising as a binder, a thermosetting composition of an 
unsaturated polyester, an addrtion-polymerizable monomer and a low shrink agent, wherein said addition-polymeriz- 
able monomer contains a monomer having an affinity for alkaline solution selected from the group consisting of a 
sulfonic acid having an ethylene bond which is at least one selected from the group consisting of vinylsulfonic acid, 

15 styrenesulfonic acid and allylsulfonic acid; a meta! salt of a carboxylic or sulfonic acid which is selected from the group 
consisting of sodium acrylate, sodium methacrylate, sodium vinylacetate and sodium vinylsulfonate; and ah acid an- 
hydride having an ethylene bond which is selected from the group consisting of maleic anhydride, itaconic anhydride 
and citraconic anhydride, and an ester selected from the group consisting of hydroxyethyl acrylate, hydroxyethyl meth- 
acrylate, hydroxypropyl acrylate, hydroxypropyl methacrylate, dimethylaminopropyl acrylate, dimethylaminopropyl 

20 methacrylate, di ethyl aminoethyl acrylate, diethylaminoethyl methacrylate, dimethylaminoethyl acrylate, dimethylami- 
noethyl methacrylate, hydroxyethyl styrenesulfonate and hydroxyethyl vinylsulfonate, and an amide, selected from the 
group consisting of hydroxymethylacryl amide, hydroxymethylmethacrylamide, dimethylaminopropylacrylamide, 
dimethylaminopropylmethacrylamide, 2-acrylamide-2-methylpropanesulfonic acid, N,N-dimethylvinylsulfonic acid 
amide and N,N-hydroxymethyl- vinylsulfonic acid amide, and wherein the low shrink agent is a thermoplastic polyester, 

25 and wherein the addition polymerizable monomer contains a monomer having affinity for alkaline solution and styrene 
monomer and the monomer having affinity for ajkaline solution is present in an amount of 40 to 80 wt.% based on the 
whole monomers. 

[0014] In this molding material, the above low shrink agent is preferably at least one selected from the group con- 
sisting of polycaprolactone, polydi propylene adipate, polypropylene adipate, polydipropylene phthalate, polypropylene 
30 phthalate and polyvinyl acetate. 

[0015] In the above molding material, the molar fraction of hydroxyethyl acrylate and/or hydroxyethyl methacrylate 
in the addition-polymerizable monomer is preferably not less than 0.4, 

[0016] The molded motor of the present invention comprises a molded part of an iron core, a winding and a molding 
material, the molded part being integrally molded so as to coat at least one part of the iron core and winding with the 
35 molding material, the molding material containing, as a binder, a thermosetting composition of an unsaturated polyester, 
an addition-polymerizable monomer and a low shrink agent, the addition-polymerizable monomer containing a mon- 
omer having an affinity for alkaline solution as described above. 

Brief Description of the Drawing 

40 

[0017] 

Fig. 1 is a schematic cross-sectional view illustrating one embodiment of the molded motor of the present invention. 
45 Best Mode for Carrying Out the Invention 

[0018] As described above, the present invention is directed to a molding material comprising, as a binder, a ther- 
mosetting composition of an unsaturated polyester, an addition-polymerizable monomer and a low shrink agent, the 
addition-polymerizable monomer containing a monomer having an affinity for alkaline solution. 

50 [0019] This molding material is constructed so that the thermosetting composition for a binder has a high affinity for 
alkaline solution. Accordingly, if the molding material is dipped in the alkaline solution, the alkaline solution easily 
permeates into the molding material and an ester bond in the unsaturated polyester resin is solvolyzed. Therefore, the 
molding material is disintegrated and swells as a result of further permeation of the alkaline solution, thereby making 
it easy to perform waste disposal such as peeling and the like. 

55 [0020] The materials constituting the molding niaterial of the present invention will be explained in detail below. 

[0021] The unsaturated polyester used for the binder of the molding material of the present invention is obtained by 
pofycondensing an unsaturated polybasic acid and a saturated polybasic acid with glycols according to a known meth- 
od. Examples of the unsaturated polybasic acid include maleic anhydride, fumaric acid, itaconic acid, citraconic acid 
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and the like. Examples of the saturated polybasic acid include maleic anhydride, isophthalic acid, terephthalic acid, 
adipic acid, sebacic acid, tetrahydromaleic anhydride, methyttetrahydrophthalic anhydride, endomethylenetetrahy- 
drophthalic anhydride, Het acid, tetrabromophthalic anhydride and the like. 

[0022] Examples of the glycols include ethylene glycol, propylene glycol, diethylene glycol, dipropylene glycol, ne- 
s opentyl glycol, 1 ,3-butanedioi, 1 ,6-hexanedioI, hydrogenated bisphenol A, a bisphenol A propyleneoxide compound, 
dibromoneopentyl glycol and the like. 

[0023] Examples of the preferred unsaturated polyester include copolymers represented by the following formula (1 ) 
of isophthalic acid, fumaric acid and neopentyl glycol, copolymers represented by the formula (2) of phthalic anhydride, 
fumaric anhydride and propylene glycol, copolymers represented by the formula (3) of isophthalic acid, maleic anhy- 
10 dride and propylene glycol and the like. 
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[0024] In the above formulae, n 1 to n 3 independently indicate an integer of 1 to 30. 

[0025] The above unsaturated polyester is actually provided as a solution product prepared by dissolving it in a 
polymerizable monomer. 

[0026] As the addition-polymerizable monomer used for the molding material of the present invention, a monomer 
having an affinity for alkaline solution is used. That is, it is a monomer having strong interaction with the alkaline solution, 
preferably monomer having high solubility in the alkaline solution. 

[0027] In the present invention the alkaline solution may contain at least a basic compound and a solvolyzing solvent. 
Examples of the basic compound include metal hydroxides such as sodium hydroxide, potassium hydroxide and the 
like; metal oxides such as calcium oxide and the like; and metal alkoxides such as sodium ethoxide, potassium ethoxide 
and the like. The solvolyzing solvent means a solvent which can cause a substitution reaction using itself as a nucie- 
ophile. Examples thereof include water, methanol, ethanol, ethylene glycol, thiol, hydrazine and the like, it is also 
possible to use one which is not only a base but also a solvolyzing solvent (e.g. diethanolamine, etc.) alone. 
[0028] The preferred addition-polymerizable monomer used for the molding material of the present, invention is a 
monomer having an ethylene bond and a carbonyl or sulfonyl group. Since the carbonyl and sulfonyl groups have a 
polarization structure wherein a carbon or sulfur atom is positively charged, they attract a negative charge in a base 
of the alkaline solution and cause a nucleophilic substitution reaction by the negative charge of the base. Accordingly, 
the monomer is easily subjected to permeation of the alkaline solution and chemical decomposition. 
[0029] Sulfonic acid is the above monomer wherein a hydroxy! group is bonded to the sulfonyl group. These acids 
have extremely high affinity for alkaline solution. Preferred examples of these acids include vinylsulfonic acid, vinyl- 
sty re nesu If onic acid and alkylsulfonic acid. 
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[0030] A compound wherein hydrogen in the hydroxy! group bonded to the carbonyl or sulfonyl group is substituted 
with a metal has a high affinity for alkaline solution. The affinity for aqueous alkaline solution is particularly high and, 
therefore, the compound is easily subjected to permeation of the alkaline solution and chemical decomposition. Pre- 
ferred examples thereof include metal salts of carboxylic or sulfonic acids, such as sodium acrylate, sodium methacr- 
ylate, sodium vinylacetate styrenesulfonate and sodium vinyl sulfonate. 

[0031] Preferred examples of the monomer having the above ethylene bond and carbonyl or sulfonyl group include 
esters synthesized from the above carboxylic or sulfonic acid and an alcohol. Among them, an ester having at least 
one substituent selected from the group consisting of hydroxy!, methoxy, ethoxy, amino, monomethylamino, monoethyl- 
aminol dimethylamino, diethylamino, methyl ethyl amino, carboxyl and sulfonic groups is preferred. An ester having a 
carbonyl or sulfonyl group to which an alkoxyl group having at least one substituent selected from the group consisting 
of hydroxy!, methoxy, ethoxy, amino, monomethylamino, monoethylamino, dimethylamino, diethylamino, methylethyl- 
amino, carboxyl and sulfonic groups is bonded is particularly preferred. 

[0032] These esters have an affinity for alkaline solution, and are solvolyzed by the alkaline solution and dissociated. 
Th ere f oref the alkaline solution further permeates into these esters and, therefore, an ester bond of an unsaturated 
polyester is also solvolyzed and a binder resin is disintegrated. At the same time, the esters swell due to permeation 
of the alkaline solution, thereby making it easy to perform waste disposal such as shredding, peeling and the like. 
[0033] Preferred examples of the ester include hydroxypropyl acrylate, hydroxypropyl methacrylate, dimethylamino- 
propyl acrylate, di methyl aminopropyl methacrylate, diethytaminoethyl acrylate, diethylaminoethyi methacrylate, hy- 
droxyethyl styrenesulfonate and hydroxyethyl vinytsulfonate. 

[0034] Particularly, hydroxypropylacrylate and hydroxypropyl methacrylate have a hydroxyl group and, furthermore, 
they have not only a high affinity for alkaline solution but also a high capability of dissolving the unsaturated polyester 
and dissolve the thermoplastic polyester as the low shrink agent (e.g. polydi propylene adipate, polypropylene adipate, 
etc.) and, therefore, the flexibility is large. Since they have good compatibility with styrene as the addition-polymerizable 
monomer which has hitherto been used, they can aiso be used in combination. 

[0035] Preferred examples of the above monomer having the ethylene bond and carbonyl or sulfonyl group include 
acid amide or sulfonamide synthesized from the above carboxylic or sulfonic acid and amine. Among them, an acid 
amide or sulfonamide having at least one substituent selected from the group consisting of hydroxyl, methoxy, ethoxy, 
amino, monomethylamino, monoethylamino, dimethylamino, diethylamino, methylethylamino, carboxyl and sulfonic 
groups is preferred. An acid amide or sulfonamide having a carbonyl or sulfonyl group to which at least one substituent 
selected from the group consisting of hydroxyl, methoxy, ethoxy, amino, monomethylamino, monoethylamino, dimeth- 
ylamino, diethylamino, methylethylamino, carboxyl and sulfonic groups is bonded is particularly preferred. 
[0036] These amides have an affinity for alkaline solution, particularly alkaline aqueous solution and are solvolyzed 
by the alkaline solution and dissociated. Therefore, the alkaline solution further permeates into these esters and, there- 
fore, an ester bond of an unsaturated polyester is also solvolyzed and a binder resin is disintegrated. At the same time, 
the esters swell due to permeation of the alkaline solution, thereby making it easy to perform waste disposal such as 
shredding, peeling and the like. 

[0037] Preferred examples of the acid amide and sulfonamide include hydroxymethylacrylamide, hydroxymethyl- 
methacrylamide, dimethylaminopropylacrylamide, dimethylaminopropylmethacrylamide, 2-acrylamide-2-methylpro- 
panesulfonic acid, N,N-dimethylvinylsulfonic acid amide, N,N-hydroxy methyl vinyl sulfonic acid amide and the like. 
[0038] Preferred examples of the monomer include acid anhydrides. The acid anhydride has high reactivity to and 
solubility in alkaline. Preferred acid anhydride includes maleic anhydride, itaconic anhydride and crtraconic anhydride, 
[0039] In combination with the above addition-polymerizable monomer styrene is used. 

[0040] The monomer is preferably contained in an amount within the range from 25 to 150 parts by weight, more 
preferably from 40 to 1 00 parts by weight, based on 1 00 parts by weight of the above unsaturated polyester. 
[0041] The addition-polymerizable monomer as a feature of the present invention is contained in an amount within 
the range from 40 to 80 parts by weight, based on 100 parts by weight of the total monomer. When the amount is less 
than 5 parts by weight, the effect of the decomposition treatment by the alkaline solution containing at least a base 
and a solvolyzing solvent is small. On the other hand, when the amount exceeds 80 parts by weight, the solubility of 
the unsaturated polyester in the monomer and copolymerizability with an unsaturated bond in the unsaturated polyester 
are sometimes deteriorated. 

[0042] The low shrink agent used for the molding material of the present invention is a thermoplastic polyester. 
Among the thermoplastic polyesters, for example, polymers represented by the formula (4) obtained by ring opening 
polymerization of lactone, such as polycaprolactone, polypropiolactone and the like; and copolymers represented by 
the formula (5) of a glycol and an aliphatic dicarboxylic acid, such as polycaprolactone, polypropiolactone, polyethylene 
adipate, polybutylene adipate, polydipropylene adipate, polypropylene adipate, polyethylene succinate, polybutylene 
succinate, polydipropylene succinate, polypropylene succinate, polyethylene phthaiate, polypropylene phthaiate, poly- 
dipropylene phthalate, polybutylene phthaiate, polyethylene isophthalate, polypropylene isophthalate, polydipropylene 
isophthalate and polybutylene isophthalate and the like are preferred. These polyesters exhibit good low shrink prop- 
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erties and have extremely excellent decomposition properties for alkaline solution if combined with the addition-pp- 
lymerizable monomer in the molding material of the present invention. 
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[0043] In the formulae (4) and (5), n 4 to n 7 independently indicate an integer of 10 to 2,000. 

[0044] The above polyester is preferably contained in an amount within the range from 1 to 100 parts by weight, 
more preferably from 2 to 50 parts by weight, based on 100 parts by weight of the above unsaturated polyester. 
[0045] In the molding material of the present invention, when hydroxyethyl acrylate or hydroxyethyl methacrylate is 
used as the addition-polymerizable monomer, it is preferred to use polycaprolactone, polydi propylene adipate, poly- 
propylene adipate, polydipropylene phthalate, polypropylene phthalate, olyviriyl acetate as the low shrink agent. These 
low shrink agents can be provided in the solution state because they show good solubility in the above-described 
addition-polymerizable monomer. Accordingly, a binder resin composition is easily prepared. 

[0046] It is preferred that the molding material of the present invention further contains at least one aliphatic polyester 
selected from the group consisting of polylactic acid, polyglycolic acid, polycaprolactonediol, polycaprolactonetriol and 
a copolymer of 3-hydroxyalkanoate. These aliphatic polyesters can be decomposed by the alkaline solution because 
of good affinity for alkaline solution. Therefore, they improve the affinity of the molding material for alkaline solution. 
[0047] The molding material of the present invention preferably contains a curing agent. 

[0048] Examples of the curing agent include benzoyl peroxide, tert-butyl perbenzoate, tert-butyl peroxybenzoate, 
tert-butyl peroxylaurate, tert-butyl peroxy-2-ethyIhexanoate, tert-butyl peroctoate, 2,5-dimethyl-2,5-di(tert-butylperoxy) 
hexane, 1 ,1-bis(tert-butylperoxy)3,3,5-trimethylcyclohexane and the like. 

[0049] These curing agents are preferably contained in an amount within the range from 0.1 to 5 parts by weight, 
more preferably from 0.2 to 4 parts by weight, based on 100 parts by weight of the above unsaturated polyester. 
[0050] If necessary, fillers, thickeners, release agents, wax, colorants and the like can be added to the molding 
material of the present invention. 

[0051] Examples of the filler include carbonates such as calcium carbonate, magnesium carbonate and the like; 
sulfates/sulfites such as calcium sulfate, barium sulfate, calcium sulfite and the like; silicates such as clay, mica, glass 
balloon, montmorillonite, silicic acid, kaolin, talc and the like; oxides such as silica, diatomaceous earth, iron oxide, 
pumice balloon, titanium oxide, alumina and the like; hydroxides such as aluminum hydroxide, magnesium hydroxide 
and the like; inorganic fillers such as graphite, glass fiber, carbon fiber, asbestos fiber and the like; and organic fillers 
such as wood powder, chaff, cotton, paper strip, nylon fiber, polyethylene fiber, wood, pulp, cellulose and the like. 
[0052] These fillers are preferably added in an amount within the range from 5 to 600 parts by weight, more preferably 
from 20 to 500 parts by weight, based on 1 00 parts by weight of the thermosetting composition. The mechanical strength 
of the molding material is improved by adding these fillers in the amount within the above range. 
[0053] Examples of the thickener include beryllium oxide, magnesium oxide, magnesium hydroxide, calcium oxide, 
calcium hydroxide, zinc oxide r benzoic acid,, phthalic anhydride, tetrahydrophthalic anhydride, maleic anhydride and 
the like. 

[0054] Examples of the release agent include stearic acid, zinc stearate, calcium stearate and the like. 
[0055] Examples of the wax include Hoechst wax, carnauba wax, paraffin and the like. 
[0056] Examples of the colorant include titan white, chromium oxide, carbon black and the like. 
[0057] The molded motor of the present invention is composed of the above molding material. Hereinafter the pre- 
ferred embodiment of the molded stator according to the present invention will be explained in detail with reference to 
the drawing. 

[0058] Fig. 1 is a schematic cross-sectional view illustrating one embodiment of the molded motor having the molded 
stator of the present invention. The molded motor is composed of a motor part 10 and a molded stator 11. The molded 
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stator 11 comprises an iron core 14 on which a winding 12 is wound through an insulating material 12, and a molded 
part 15 which is integrally molded with a molding material so as to coat the iron core 14 and fill the total molded stator 
with the molding material. The motor part 10 is mounted to an opening part of the molded part 15 and provided with 
at least a rotor shaft 1 6 and a rotor 17 mounted to the rotor shaft and, further, the motor part is supported by a blanket 
18. The rotor 17 is pivotably supported by a bearing 19 mounted at the upper wall of the opening part and a bearing 
20 mounted at the blanket 

[0059] The terminal end (not shown) of the winding 13 extends to the part located on the shaft of the molded stator, 
where the terminal end is connected with a lead wire and an input from the outer part can be performed. Furthermore, 
the molded stator 11 may be provided with a flange part 22 having a plurality of mounting holes 21. A thickness of the 
maximum thickness part of the molded part 15 is normally about 10 mm. 

[0060] What constitutes the molded part 15 is the above-described molding material of the present invention. 
[0061] The thickness of the maximum thickness part of the molded part can vary depending on the application. In 
the present invention, the thickness is preferably from 1 to 10 mm, more preferably from 1 to 8 mm, most preferably 
from 1 to 5 mm. 

[0062] As the insulating material 12, for example, thermoplastic resins such as aliphatic polyester, polyethylene 
terephthalate, polyethylene and the like may be used. Since the shape retention effect of the winding 13 at the time of 
molding is required for the insulating material 12, those having a softening or melting point which is the temperature 
at the time of molding, e.g. not less than about 100°C are preferred so that the insulating material is not softened at 
the time of molding. When the aliphatic polyester is used as the insulating material 12, it is possible to separate the 
winding 1 3 and iron core 14 at decomposition and, it is particularly preferred. Examples of the aliphatic polyester having 
a melting point exceeding 100°C include copolymer resins represented by the formula (6): 
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[0063] In the formula, n 8 to n 10 independently indicate an integer of 10 to 2,000. 

[0064] The molded stator of the present invention can be easily decomposed by appropriately combining the con- 
structions of the above preferred embodiments. 

[0065] The molded stator of the present invention is applied to brushless D.C. motor, A.C. motor, linear motor and 
the like. 

[0066] The following Test Samples further illustrate the Examples of the molding material of the present invention in 
detail. 

<Example 1> 

Test Sample 1-1 (not of the invention): 

[0067] To 1 5.6 parts by weight of an unsaturated polyester (manufactured by Nippon Shokubai Co., Ltd., trade name: 
Epolac),added were 9.1 parts by weight of styrene as the addition-polymerizable monomer, 1.8 parts by weight of 
polycaprolactone (molecular weight: 40,000, manufactured by Daicel Chemical Industries, Ltd., trade name: Placcel) 
as the thermoplastic polyester, 3.5 parts by weight of acrylic acid and 0.3 parts by weight of 2,5-dimethyl-2,5-di(tert- 
butylperoxy)hexane (manufactured by NIOF Corporation, trade name: Perhexa 25B) as the curing agent, followed by 
sufficient mixing to obtain a composition for a binder. 

[0068] Then, 57 parts by weight of calcium carbonate as the filler, 2 parts by weight of zinc stearate as the release 
agent and 1 part by weight of magnesium oxide as the thickener were transferred to a kneader, followed by dry mixing. 
About 5 minutes after mixing, the previously mixed binder composition was gradually added to this uniformly mixed 
dry mixture, followed by kneading to obtain a uniform pasty substance. 

[0069] To this pasty substance, 10 parts by weight of glass fibers were added with uniformly dispersing in the shortest 
possible time. The kneading was completed when the glass fibers were wetted and uniformly dispersed. In such way, 
a molding material was obtained. 
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Test Sample 1-2 (not of the invention): 

[0070] To 15.6 parts by weight of an unsaturated polyester (manufactured by Nippon Shokubai Co., Ltd., trade name: 
Epolac), added were 9.1 parts by weight of styrene as the addition-polymerizable monomer, 1.8 parts by weight of 
5 polystyrene (molecular weight: 40,000) as the low shrink agent, 3.5 parts by weight of acrylic acid and 0.3 parts by 
weight of 2,5-dimethyl-2,5-di(tert-butyiperoxy)hexane (manufactured by NOF Corporation, trade name: Perhexa 25B) 
as the curing agent, followed by sufficient mixing to obtain a composition for a binder. 

[0071] According to the same manner as that described in Test Sample 1-1 except for using the above, binder com- 
position, a molding material was obtained. 
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Test Sample 1-3: 

[0072] To 14.5 parts by weight of an unsaturated polyester (manufactured by Nippon Shokubai Co., Ltd., trade name: 
Epolac), added were 8.5 parts by weight of styrene as the addition-polymerizable monomer, 1.8 parts by weight of 
15 polycaprolactone (molecular weight: 40,000, manufactured by Daicel Chemical Industries, Ltd., trade name: Placce!) 
as the thermoplastic polyester, 5.2 parts by weight of 2 hydroxyethyl acrylate and 0.3 parts by weight of 2,5-dimethyl- 
2,5-di(tert-butylperoxy)hexane (manufactured by NOF Corporation, trade name: Perhexa 25B) as the curing agent, 
followed by sufficient mixing to obtain a composition for a binder. 

[0073] According to the same manner as that described in Test Sample 1-1 except for using the above binder com- 
20 position, a molding material was obtained. 

Comparative Example 1> 

[0074] To 15.6 parts by weight of an unsaturated polyester (manufactured by Nippon Shokubai Co., Ltd., trade name: 
25 Epolac), were added 12.6 parts by weight of styrene as the addition-polymerizable monomer, 1.8 parts by weight of 
polycaprolactone (molecular weight 40,000, manufactured by Daicel Chemical Industries, Ltd., trade name; Placce!)- 
as the thermoplastic polyester and 0.3 parts by weight oftert-butyl peroxybenzoate (manufactured by NOF Corporation, 
trade name: Perbutyl Z) as the curing agent, followed by sufficient mixing to obtain a composition for a binder. 
[0075] According to the same manner as that described in Test Sample 1-1 except for using the above binder com- 
30 position, a molding material was obtained. 

<Comparatrve Example 2> V 

f 

[0076] To 15.6 parts by weight of an unsaturated polyester (manufactured by Nippon Shokubai Co., Ltd., trade name: 
35 Epolac), added were 12.6 parts by weight of styrene as the addition-polymerizable monomer, 1.8 parts by weight of 
polystyrene (molecular weight: 40,000) and 0.3 parts by weight oftert-butyl peroxybenzoate (manufactured by NOF 
Corporation, trade name: Perbutyl Z) as the curing agent, followed by sufficient mixing to obtain a composition for a 
binder 

[0077] According to the same manner as that described in Test Sample 1-1 except for using the above binder com- 
40 position, a molding material was obtained. This molding material has a conventional composition. 

[0078] The molding material thus obtained is a sort of a molding material which is normally referred to as "BMC (Bulk 
Molding Compound)" because it has a bulk-like shape. Therefore, the molding material is in a non-adhesive state 
although it contains a polymerizable monomer such as styrene. 

[0079] Among compositions of these molding materials, various components of the monomer and low shrink agent 
45 are summarized in Table 1. Basic physical properties of these molding materials measured are shown in Table 2. 



Table 1 





Monomer 


Low shrink agent 


Test Sample 1-1 


Styrene + Acrylic acid 


Polycaprolactone 


Test Sample 1-2 


Styrene + Acrylic acid 


Polystyrene 


Test Sample 1-3 


Styrene + Hydroxyethyl acrylate 


Polycaprolactone 


Comparative Example 1 


Styrene 


Polycaprolactone 


Comparative Example 2 


Styrene 


Polystyrene 
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Table 2 





Spiral flow (cm) 


Curing time (sec) 


Mold shrinkage 
coefficient (%) 


Bending strength (kgf/ 
cm 2 ) 


Test Sample 1-1 


88 


132 


0.08 


6.0 


Test Sample 1-2 


127 


135 


0.09 


6.1 


Test Sample 1-3 


120 


130 


0.07 


5.1 


Comparative 
Example 1 


84 


144 


0.07 


5.5 


Comparative 
Example 2 


126 


147 


0.09 


6.0 



10 



15 



20 



25 



30 



35 



40 



45 



[0080] The spiral flow is determined by measuring a length of a material extruded from a pore (flow length) and is 
exclusively utilized forjudging a moldability of transfer molding or injection molding. It was measured under the con- 
ditions of a molding temperature of 150 D C and an injection pressure of 50 kgf/cm 2 . Since all spiral flows of the Test 
Samples obtained in the Example are within the range of the value of Comparative Examples, no problem arises if 
molding is performed under the same molding conditions as those of the Comparative Examples. 
[0081] The mold shrinkage coefficient illustrating a dimensional stability at the time of molding was determined under 
the molding conditions of a molding temperature of 150°C, a molding pressure of 100 kgf/cm 2 and a molding time of 
10 minutes (JIS K6911). The mold shrinkage coefficient of the molding material of this Example was the same as that 
of a conventional mass-manufactured material of Comparative Example 2. There was no difference in curing time 
between the samples. In such way, the molding materials produced in this Example had sufficient moldability. 
[0082] The strength of the molded article was measured as follows. The respective molding materials were molded 
into a flat plate (12.7 mm in width x 127 mm in length x 3.2 mm in height) by transfer molding under the conditions 
of a molding temperature of 150°C and an injection pressure of 150 kgf/cm 2 for 5 minutes, and the resultunt flat plate 
was taken as a sample for bending test. The bending test was performed under the conditions of a distance between 
the supports of 50 mm and a cross head rate of 10 mm/min. Some samples of this Example have a slightly small 
strength, but almost all of them had the same strength as that of a conventional product of Comparative Example 2. 
[0083] As described above, the Test Samples of the molding material of the present invention had almost the same 
moldability, curing characteristics (curing time) and strength as those of a molding material of an unsaturated polyester 
resin which is often used industrially (referred to as a "fiber reinforced plastic"), and the dimensional stability was also 
sufficient. Accordingly, the molding material of the present invention can be sufficiently applied to the application where 
a normal FRP material is used. 

[0084] Then, molding materials of these Test Samples 1-1 to 1-3 and molding materials of Comparative Examples 
1 and 2 were subjected to compression molding under the conditions of a molding temperature of 150° C arid an injection 
pressure of 35 kg/cm 2 to produce a cylindrical molded article having a diameter of 19 mm. Then,~a decomposition test 
of these molded articles was performed. The test was performed by dipping them in a decomposition solution containing 
at least a base and a solvolyzing agent. In this Example, an aqueous 5N sodium hydroxide solution was used as the 
decomposition solution. The respective molded articles of the molding materials were dipped in this solution at 80°C, 
and then the permeation depth of the decomposition solution and surface hardness of the molded articles after sub- 
jecting to a decomposition solution dipping treatment were measured. The hardness was measured using a rubber 
hardness tester, assuming that the molded article after treatment becomes very brittle. The results are shown in Table 3. 



Table 3 



50 



55 





Permeation depth of decomposition solution (mm) 


Surface hardness 

n . 


Test Sample 1-1 


7 


60 


Test Sample 1-2 


5 


64 


Test Sample 1-3 


6.5 


62 


Comparative Example 1 


3 


90 


Comparative Example 2 


0.5 


100 
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[0085] All of the molded articles of Test Samples 1-1 to 1-3 showed a large permeation depth of the decomposition 
solution and small surface hardness after permeation in comparison with Comparative Examples 1 and 2. In the molding 
materials of Test Samples 1-1 to 1-3, the decomposition solution rapidly permeates into the composition because of 
the presence of the addition-poiymerizable monomer having a high affinity for the decomposition solution and, at the 
5 same time, the ester bond in the unsaturated polyester resin constituting the composition skeleton is solvolyzed and 
the binder resin loses the three-dimensional structure. As a result, the molded article is disintegrated, that is, the surface 
hardness becomes very small, in such way, the molding material of this Example has a very high decomposition ca- 
pability. 

[0086] On the other hand, the molding material of Comparative Example 2 is a material of a composition which has 
10 hitherto been used, and it can not be decomposed by such a solution containing a base and water. As in Comparative 
Example 1 , the decomposition capability can be improved by using polycaprolactone as the low shrink agent. As in 
Comparative Test Samples 1-1 to 1-3, a larger decomposition capability can be obtained by introducing the addition- 
poiymerizable monomer having a high affinity for decomposition solution. 

[0087] As is apparent from a comparison between Test Sample 1-1 and Test Sample 1-2, even when the addition- 
is polymerizable monomer having a high affinity for the decomposition solution is used, the thermoplastic polyester im- 
proves the decomposition solution permeability and is solvolyzed by oneself. Therefore, the decomposition capability 
is improved by using polycaprolactone which is the thermoplastic polyester, as the low shrink agent. 
[0088] As described above, the molded article of the molding material of the present invention can be quickly de- 
composed by a decomposition solution containing sodium hydroxide and water. 
20 [0089] In a boiling test using water, a difference between Test Samples 1-1 to 1-3 and Comparative Examples 1 and 
2 was not observed. In the Test Sample 1-3 of the present invention, the water resistance was the same as that of a 
conventional product. 

[0090] The concentration of an aqueous sodium hydroxide solution is not limited to 5N as in this Example/and the 
solution may be prepared in a concentration of not more than 10N, more preferably within the range from 2 to 5N. 
25 [0091] Furthermore, the temperature at decomposition treatment is not limited to the value of this Example. However, 
when the decomposition treatment using a pressure device is not performed, the temperature is preferably not more 
than the boiling point of the decomposition solution. 

<Example 2> 

30 

[0092] To 13.6 parts by weight of an unsaturated polyester (manufactured by Nippon Shokubai Co., Ltd., trade name: 
Epolac), added were 8.0 parts by weight of styrene as the addition-poiymerizable monomer, 1.8 parts by weight of 
polycaprolactone (molecular weight: 40,000, manufactured by Daicel Chemical Industries, Ltd., trade name: Placcel) 
as the thermoplastic polyester, 6.6 parts by weight of dimethyla mi nopropylacryl amide and 0.3 parts by weight of tert- 

35 butyl peroxybenzoate (manufactured by NOF Corporation, trade name: Perbutyl Z) as the curing agent, followed by 
sufficient mixing to obtain a composition for a binder. 
. [0093] Then, 57 parts by weight of calcium carbonate as the filler, 2 parts by weight of zinc stearate as the release 
agent and 1 part by weight of magnesium oxide as the thickener were transferred to a kneader, followed by dry mixing. 
About 5 minutes after mixing, the previously mixed binder composition was gradually added to this uniformly mixed 

40 dry mixture, followed by kneading to obtain a uniform pasty substance. 

[0094] A chopped strand obtained by cutting glass fibers with a cutter was distributed on a polyethylene film, which 
was impregnated with the above pasty substance to obtain a molding material. The impregnated molding material was 
aged after taking up a required length of the molding material, thereby thickening it to a required consistency. As a 
result, the glass fibers were formulated in the amount of about 30 parts by weight, based on 100 parts by weight of the 

45 pasty substance. 

[0095] Since the molding material' thus obtained has a sheet-like shape, it is a sort of a molding material which is 
normally referred to as "SMC and is in a non-adhesive state although it contains styrene. 

[0096] When this molding material is compared with FRP (fiber reinforced plastic) of an unsaturated polyester resin 
which is often used industrially, the moldability, curing characteristics (curing time) and strength of this molding material 
50 were almost the same as those of FRP, and the dimension stability and spiral flow length were also sufficient. Accord- 
ingly, the molding material of the present invention can be sufficiently applied to the application where a normal FRP 
material is used. 

[0097] Then, this molding material was subjected to compression molding under the conditions of a molding tem- 
perature of 150°C and an injection pressure of 35 kg/cm 2 to produce a cylindrical molded article having a diameter of 
55 19 mm. Then, a decomposition treatment test of this molded article was performed. The test was performed by dipping 
it in a decomposition solution containing at least a base and a solvolyzing agent. In this Example, an aqueous 5N 
sodium hydroxide solution was used as the decomposition solution. For comparison, the molded article was also dipped 
in a decomposition solution of only water, which, contains no base. The molded article of the molding material was 
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dipped in two kinds of solutions at 80°C, and then the permeation depth of the decomposition solution and surface 
hardness of the molded articles after subjecting to a decomposition solution dipping treatment were measured. The 
hardness was measured using a rubber hardness tester. The results are shown in Table 4. 



Table 4 





Decomposition solution 


Permeation depth of decomposition solution 
(mm) 


Surface hardness ■ 
(°) 


Exampie 2 


Aqueous 5N-NaOH solution 


6 


58 


Example 2 


Water 


0 


100 



[0098] By the treatment using the aqueous 5N sodium hydroxide solution, the molded article of the molding material 
was decomposed and is in a disintegrated state. It was in the state where any treatment (e.g. shredding, grinding, 
volume reduction, etc.) was easily performed, because the hardness of each part is low. 

[0099] On the other hand, the molded article was not attacked at all by the treatment using water, and the surface 
hardness was still hard. 

[0100] As described above, the molding material of the present invention is easily decomposed by the decomposition 
solution containing at least the base and solvolyzing solvent, but is not attacked at all by water containing no base. 
Accordingly, the molding material is not attacked under a normal environment, even in the humid or wet state. However, 
it is preferred to coat the surface for safety under the environment where it is continuously exposed to very high tem- 
perature and high humidity. In this case, a coating layer can be provided by applying a solution or suspension prepared 
by dissolving or suspending a resin (e.g. polyethylene, polypropylene, polystyrene, polyvinyl acetal, etc.), followed by 
drying. Since a thickness of the coating layer is from about 0.1 to 0.5 mm, the decomposition treatment of the molded 
article after coating may be performed by dipping it in the decomposition soJution after removing the coating layer from 
the surface using a file. 

<Example 3> 

Test Sample 3-1 (not of the invention): 

[0101] To 14.7 parts by weight of an unsaturated polyester (manufactured by Nippon Shokubai Co., Ltd., trade name: 
Epolac), added were 8.7 parts by weight of styrene as the addition-poJymerizable monomer, 2.0 parts by weight of 
polydipropylene isophthalate, which is the thermoplastic polyester, as the low shrink agent, 4.6 parts by weight of vinyl 
arhinoacetate and 0.3 parts by weight of tert-butyl peroxybenzoate (manufactured by NOF Corporation, trade name: 
Perbutyl Z) as the curing agent, followed by sufficient mixing to obtain a composition for a binder. 
[01 02] Then, 57 parts by weight of calcium carbonate as the filler, 2 parts by -weight of zinc stearate as the release 
agent and 1 part by weight of magnesium oxide as the thickener were transferred to a kneader, followed by dry mixing. 
About 5 minutes after mixing, the previously mixed binder composition was gradually added to this uniformly mixed 
dry mixture, fallowed by kneading to obtain a uniform pasty substance. 

[01 03] To this pasty substance, 1 6 parts by weight of glass fibers were added with uniformly dispersing jn the shortest 
possible time. The kneading was completed when the glass fibers were wetted and uniformly dispersed. In such way, 
a molding material was obtained. 

Test Sample 3-2: 

[01 04] To 14.7 parts by weight of an unsaturated polyester (manufactured by Nippon Shokubai Co., Ltd., trade name: 
Epolac), added were 8.7 parts by weight of styrene as the addition-polymerizable monomer, 2.0 parts by weight of 
polycaprolactone (molecular weight 40,000, manufactured by Daicel Chemical Industries, Ltd., trade name: Placcel) 
as the thermoplastic polyester, 6.5 parts by weight of dimethylaminoethyl acrylate and 0.3 parts by weight of tert-butyl 
peroxybenzoate (manufactured by NOF Corporation, trade name: Perbutyl Z) as the curing agent, followed by sufficient 
mixing to obtain a composition for a binder. 

[0105] According to the same manner as that described in Test Sample 3-1 except for using the above binder com- 
position, a molding material was obtained. 

[0106] When these molding materials are compared with FRP of an unsaturated polyester resin which is often used 
industrially, the moldability, curing characteristics (curing time) and strength of this molding material were almost the 
same as those of FRP, and the dimension stability was also sufficient. Accordingly, the molding material of the present 
invention can be sufficiently applied to the application where a normal FRP material is used. 
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[0107] Then, these molding materials of Test Samples 3-1 and 3-2 were subjected to compression molding under 
the conditions of a molding temperature of 150°C and an injection pressure of 35 kg/cm 2 to produce a cylindrical 
molded article having a diameter of 19 mm. Then, a decomposition treatment test of these molded articles was per- 
formed. The test was performed by dipping them in a decomposition solution containing at least a base and a solvolyzing 
5 agent. In this Example, an aqueous 3N sodium hydroxide solution was used as the decomposition solution. The molded 
article of the molding material was dipped in the decomposition solution at 80°C, and then the permeation depth of the 
decomposition solution and surface hardness of the molded article after subjecting to a decomposition solution dipping 
treatment were measured. The hardness was measured using a rubber hardness tester. 

[0 1 08] Fifty hours after dipping, the decomposition solution completely permeated into the molded article. The surface 
10 hardness was measured. As a result, the molded article was too soft to measure the surface hardness. 

[0109] As described above, the molding material of the present invention can be converted into a very soft state by 
using the decomposition solution containing at least the base and water. Therefore, the volume reduction and shredding 
of the molding material can be performed without applying any force. When the molding material includes other parts, 
they can be easily peeled off and separated. 

15 

<Example 4> 

Test Sample 4-1 (not of the invention): 

20 [011 0] Sixty Parts by weight of an unsaturated polyester were mixed with 40 parts by weight of 2-hydroxyethyl meth- 
acrylate as the addition-polymerizable monomer, and then the mixture was stirred in a nitrogen atmosphere at 100°C 
for 1 0 minutes to obtain a liquid resin containing 60% by weight of the unsaturated polyester. Then, 30 parts by weight 
of polyvinyl acetate as the low shrink agent and 70 parts by weight of 2-hydroxyethyl methacrylate as the addition- 
polymerizable monomer were added to obtain a low shrink agent solution. To 17.71 parts by weight of the above 

?5 unsaturated polyester liquid resin, added were 5.09 parts by weight of this low shrink agent solution and 0.25 parts by 
weight of 1,1-bis(tert-butylperoxy)3,3,5-trimethylcyclohexane (manufactured by NOF Corporation, trade name: Per- 
hexa 3M) as the curing agent, followed by sufficient mixing to obtain a binder resin composition. 
[0111] Then, 9.91 parts by weight of calcium carbonate and 50.8 parts by weight of aluminum hydroxide as the fillers, 
1 .24 parts by weight of zinc stearate as the release agent, 0.37 parts by weight of carbon powders as the colorant and 

30 0.99 parts by weight of polyethylene were transferred to a kneader, followed by dry mixing. About 5 minutes after 
■mixing, the previously mixed binder composition was gradually added to this uniformly mixed dry mixture, followed by 
kneading to obtain a uniform pasty substance. 

[0112] To this pasty substance, 13.3 parts by weight of glass fibers were added with uniformly dispersing in the 
shortest possible time. The kneading was completed when the glass fibers were wetted and uniformly dispersed. In 
35 such way, a molding material was obtained. 

Test Sample 4-2 (not of the invention): 

[0113] Seventy-five Parts by weight of an unsaturated polyester were mixed with 25 parts by weight of 2-hydroxyethyl 
40 methacrylate as the addition-polymerizable monomer, and then the mixture was stirred in a nitrogen atmosphere at 
100°C for 10 minutes to obtain a liquid resin containing 75% by weight of the unsaturated polyester. Then, 32.6 parts 
by weight of polyvinyl acetate as the low shrink agent were dissolved in 67.4 parts by weight of 2-hydroxyethyl meth- 
acrylate as the addition-polymerizable monomer to obtain a low shrink agent solution. To 15.06 parts by weight of the 
- above unsaturated polyester liquid resin, added were 4.97 parts by weight of this low shrink agent solution, 2.63 parts 
45 by weight of styrene as the addition-polymerizable monomer and 0.25 parts by weight of 1 ,1-bis(tert-butylperoxy)3,3 T 5 
-trimethylcyclohexane (manufactured by NOF Corporation, trade name: Perhexa 3M) as the curing agent, followed by 
sufficient mixing to obtain a binder resin composition. 

[0114] According to the same manner as that described in Test Sample 4-1 except for using the above binder com- 
position, a molding material was obtained. 

50 ' 

Test Sample 4-3: 

[0115] Seventy-five Parts by weight of an unsaturated polyester were mixed with 25 parts by weight of 2-hydroxyethyl 
methacrylate as the addition-polymerizable monomer, and then the mixture was stirred in a nitrogen atmosphere at 
55 100°C for 10 minutes to obtain a liquid resin containing 75% by weight of the unsaturated polyester. Then, 32.6 parts 
by weight of polyvinyl acetate as the low shrink agent were dissolved in 67.4 parts by weight of 2-hydroxyethyl meth- 
acrylate as the addition-polymerizable monomer to obtain a low shrink agent solution. Furthermore, 30 parts by weight 
of polycaprolactonediol as the aliphatic polyester were dissolved in 70 parts by weight of styrene as the addition- 
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polymerizable monomer to obtain an aliphatic polyester solution. To 14.31 parts by weight of the above unsaturated, 
polyester liquid resin, added were 4.72 parts by weight of this low shrink agent solution, 3.76 parts by weight of the 
aliphatic polyester solution and 0.25 parts by weight of 1,1-bis(tert-butylperoxy)3,3,5 -trimethylcyclohexane (manufac- 
tured by NOF Corporation, trade name: Perhexa 3M) as the curing agent, followed by sufficient mixing to obtain a 
5 binder resin composition. 

[0116] According to the same manner as that described in Test Sample 4-1 except for using the above binder com- 
position, a molding material was obtained. 

<Comparative Example 3> 

10 

[0117] To 12.02 parts by weight of an unsaturated" polyester (manufactured by Nippon Shokubai Co., Ltd., trade 
name: Epolac), added were 9.64 parts by weight of styrene as the addition-polymerizable monomer, 1.14 parts by 
weight of polycaprolactone (molecular weight: 40,000, manufactured by Daicel Chemical Industries, Ltd., trade name: 
Placcel) as the thermoplastic polyester and 0.25 parts by weight of 1 ,1 -bis(tert-butylperoxy)3 t 3,5 -trimethylcyclohexane 
15 (manufactured by NOF Corporation, trade name: Perhexa 3M) as the curing agent, followed by sufficient mixing to 
obtain a composition for a binder. 

[0118] According to the same manner as that described in Test Sample 4-1 except for using the above binder com- 
position, a molding material was obtained. 

20 <Comparative Example 4> 

[0119] To 12.02 parts by weight of an unsaturated polyester (manufactured by Nippon Shokubai Co., Ltd., trade 
name: Epplac), added were 9.64 parts by weight of styrene as the addition-polymerizable monomer, 1.14 parts by 
weight of polystyrene (molecular weight: 40,000) and 0.25 parts by weight of 1,1-bis(tert-buty1peroxy)3,3,5 -trimethyl- 
25 cyclohexane (manufactured by NOF Corporation, trade name: Perhexa 3M) as the curing agent, followed by sufficient 
mixing to obtain a composition for a binder. 

[0120] According to the same manner as that described in Test Sample 4-1 except for using the above binder com- 
position, a molding material was obtained. This molding material has a conventional composition. 
[0121] The molding materials obtained in Test Samples 4-1 to 4-3 and Comparative Examples 3 and 4 may be a sort 
30 of a molding material which is normally referred to as "BMC" because they have a bulk-like shape. Therefore, the 
molding materials are in a non-adhesive state although they contain a polymerizable monomer. 
[0122] Among compositions of these molding materials, various components of the monomer and low shrink agent, 
which are different from each other, are summarized in Table 5. Basic physical properties of these molding materials 
measured are shown in Table 6. 

35 

Tables 





Monomer 


Low shrink agent 


Aliphatic polyester 


Test Sample 4-1 


2-Hydroxyethyl methacrylate 


Polyvinyl acetate 




Test Sample 4-2 


2-Hydroxyethyl methacrylate + Styrene 


Polyvinyl acetate 




Test Sample 4-3 


2-Hydroxyethyl methacrylate + Styrene 


Polyvinyl acetate 


Polycaprolactonediol 


Comparative Example 3 


Styrene 


Polycaprolactone 




Comparative Example 4 


Styrene 


Polystyrene 





Table 6 





Spiral flow (cm) 


Curing time (sec) 


Mold shrinkage 
coefficient (%) 


Bending strength (kgf/ 
mm 2 ) 


Test Sample 4-1 


125 


118 


0.17 


6.2 


Test Sample 4-2 


115 


97 


0.17 


6.3 


Test Sample 4-3 


87 


88 


0.13 


6 


Comparative Example 
3 


84 


103 


0.16 


5.5 



13 



EP 0 807 644 B1 



Table 6 (continued) 





Spiral flow (cm) 


Curing time (sec) 


Mold shrinkage 
coefficient (%) 


Bending strength (kgf/ 
mm 2 ) 


Comparative Example 
4 


126 


107 


0.15 


6 



[01 23] The spiral flow is determined under the conditions of a molding temperature of 1 50°C and an injection pressure 
of 100 kgf/cm 2 . Comparative Example has the same composition as that of a molding material which has hitherto been 
used. Since all spiral flows of the Test Samples obtained in the Example are almost the same as those of Comparative 
Examples 3 and 4, no problem arises if molding is performed under the same molding conditions as those of the 
Comparative Examples. 

[0124] The mold shrinkage coefficient illustrating a dimensional stability at the time of molding was determined under 
the molding conditions of a molding temperature of 150°C, a molding pressure of 100 kgf/cm 2 and a molding time of 
10 minutes (JIS K6911). The mold shrinkage coefficient of the molding material of this Example was the same as that 
of a conventional mass-manufactured material of Comparative Example 4. 

[0125] The curing time of the molding material of the present invention was liable to be shorter than that of a con- 
ventional product, but the moldabiiity is sufficiently good. 

[0126] The strength of the molded article was measured under the same conditions as those of Example 1 . Some 
samples of this Example have a slightly small strength, but almost all of them had the same strength as that of a 
conventional product of Comparative Example 4. 

[0127] As described above, when the Test Samples of the molding materials of the present invention are compared 
with a molding material of an unsaturated polyester resin which is often used industrially, the moldabiiity, curing char- 
acteristics (curing time) and strength of these molding materials were almost the same, as those of the molding material 
of the unsaturated polyester resin, and the dimension stability was also sufficient. Accordingly, the molding material of 
the present invention can be sufficiently applied to the application where a normal FRP material is used. 
[0128] Then, the molding materials of this Example and Comparative Examples 3 and 4 were subjected to compres- 
sion molding under the conditions of a molding temperature of 1 50°C and an injection pressure of 35 kg/cm 2 to produce, 
a cylindrical molded article having a diameter of 19 mm. Then, a decomposition treatment test of this molded article 
was performed. The test was performed by dipping it in a decomposition solution containing at least a base and a 
solvolyzing agent. In this Example, an aqueous 5N sodium hydroxide solution was used as the decomposition solution. 
The respective molded articles of the molding materials were dipped in this solution at 90°C for 24 hours, and then the 
permeation depth of the decomposition solution and surface" hardness of the molded articles after subjecting to a 
decomposition solution dipping treatment were measured. The hardness was measured using a rubber hardness tester, 
assuming that the molded article of the molding material after treatment becomes very brittle. The results are shown 
in Table 7. 



Table 7 





Permeation depth of decomposition solution (mm) 


Surface hardness 
(°) 


Test Sample 4-1 


7 


28 


Test Sample 4-2 


5.1 


38 


Test Sample 4-3 


6.2 


37 


Comparative Example 3 


2.4 


89 


Comparative Example 4 


0.4 


98 



50 [0129] All of the molded articles of this Example showed large permeation depth of the decomposition solution and 
small surface hardness after permeation in comparison with Comparative Examples 3 and 4. In the molding materials 
of this Example, the decomposition solution rapidly permeates into the composition because of the presence of 2-hy- 
droxyethyl methacrylate as the addition-polymerizable monomer having a high affinity for decomposition solution and, 
at the same time, the ester bond in the unsaturated polyester resin constituting the composition skeleton is solvolyzed 

55 and the binder resin loses the three-dimensional structure. As a result, the molded article is disintegrated, that is, the 
surface hardness becomes very small. Accordingly, the molding material of this Example has a very high decomposition 
capability. 

[0130] On the other hand, the molding material of Comparative Example 4 is a molding material of a composition 
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which has hitherto been used, and it can not be decomposed by such a solution containing a base and water. As in 
Comparative Example 3, the decomposition capability can be improved by using polycaprolactone as the low shrink 
agent. As in Test Samples 4-3, a larger decomposition capability can be obtained by introducing the addition-polym- 
erizable monomer having a high affinity for decomposition solution. 
5 [0131] As is apparent from a comparison between Test Sample 4-2 and Test Sample 4-3, even when 2-hydroxyethyl 
methacryiate is used as the addition-polymerizable monomer having a high affinity for decomposition solution, the 
thermoplastic polyester improves the decomposition solution permeability and is solvolyzed by oneself. Therefore, the 
decomposition capability is improved by using por/caprolactonediol,- which is the thermoplastic polyester, as the low 
shrink agent. 

10 [0132] As described above, regarding the molding material of the present invention, a three-dimensional structure 
having an ester bond at the main chain and a 2-hydroxyl group having a high affinity for decomposition solution at the 
crosslinked chain is formed by copolymerization of the unsaturated polyester and addition-copolymerizable monomer 
after curing, and the molded material is in a state where the low shrink agent is dispersed in the three-dimensional 
structure. Therefore, by dipping the molding material after curing in the decomposition solution containing the base 

15 and solvolyzing solvent, the decomposition solution quickly permeates into the composition because of the presence 
of the addition-polymerizable monomer and, at the same time, some ester bonds in the unsaturated polyester resin 
constituting the composition skeleton are solvolyzed and the binder resin loses the three-dimensional structure. There- 
fore, the molded article is disintegrated. 

[0133] By containing polycaprolactone, which is the thermoplastic polyester, as the low shrink agent and polycapro- 
20 lactonediol as the aliphatic polyester, the affinity for decomposition solution containing at least the base and solvolyzing 
solvent and solvohytic properties are high and solvolysis of a crosslinked structure of the unsaturated polyester resin 
as the binder effectively proceeds in good efficiency. 

[0134] When the aliphatic polyester is contained, it can be dispersed, simply and stably, by formulating after dissolving 
it in a monomer having a solubility as in Test Sample 4-3. 
25 [0135] When the aliphatic polyester is contained, it may be formulated in the shape of powders, fibers, needles and 
the like, as a matter of course. 

[0136] In a boiling test using water, a difference between Test Samples 4-1 to 4-3 and Comparative Examples 3 and 
4 was not observed. In the Test Samples of the present invention, the water resistance was the same as that of a 
conventional product. 

30 

<Example 5> 
Test Sample 5-1: 

35 [01 37] An unsaturated polyester, 2-hydroxyethyl methacryiate and styrene as the adbition-polymerizable monomers 
were mixed in various formulation ratios, and then the mixture was stirred in a nitrogen atmosphere at 100°C for 10 
minutes to obtain seven kinds of unsaturated polyester liquid resins, respectively. Then, 30 parts by weight of polyc- 
aprolactone (manufactured by Daicel Chemical Industries, Ltd., trade name: Placcel), which is the low shrink agent 
and is also the aliphatic polyester, were added to 70 parts by weight of a mixture of styrene and 2-hydroxyethyl meth- 

40 acrylate as the addition-polymerizable monomers in a weight ratio of 1:1 to obtain a low shrink agent solution. To 17.71 
parts by weight of the above unsaturated polyester liquid' resin, added were 5.09 parts by weight of this low shrink 
agent solution and 0.25 parts by weight of 1 , 1-bis(tert-butylperoxy)3,3,5-trimethylcyclohexane (manufactured by NOF 
Corporation, trade name: Perhexa 3M) as the curing agent, followed by sufficient mixing to obtain seven kinds of resin 
compositions for a binder. 

45 [01 38] The formulation ratio of the unsaturated polyester, 2-hydroxyethyl methacryiate and styrene in the respective 
unsaturated polyester liquid resins as well as the molar fraction of 2-hydroxyethyl methacryiate in the addition-copol- 
ymerizable monomer in the binder resin composition are summarized in Table 8. 



Table 8 



50 



2-Hydroxyethyl methacryiate (molar fraction) 


Formulation ratio (weight ratio) 


Unsaturated polyester 


2-Hydroxyethyl methacryiate 


Styrene 


0.2 


11.33 


0.58 


5.79 


0.3 


11.21 


1.73 


4.77 


0.4 


11.09 


2.85 


3.77 


0.5 


10.97 


3.94 


2.8 
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Table 8 (continued) 



2-Hydroxyethyl methacrylate (molar fraction) 


Formulation ratio (weight ratio) 


Unsaturated polyester 


2-Hydroxyethyl methacrylate 


Styrene 


0.6 


10.85 


5.01 


1.84 


0.7 


10.74 ^ 


6.06 


0.91 


0.8 


10.63 


7.08 


0 



[01^9] Then, 9.91 parts by weight of calcium carbonate and 50.8 parts by weight of aluminum hydroxide as the fillers, 
1 .24 parts by weight of zinc stearate as the release agent, 0.37 parts by weight of carbon powders as the colorant and 
0.99 parts by weight of polyethylene were transferred to a kneader, followed by dry mixing. About 5 minutes after 
mixing, the previously mixed binder composition was gradually added to this uniformly mixed dry mixture, followed by 
kneading to obtain a uniform pasty substance. 

[0140] To this pasty substance, 13.63 parts by weight of glass fibers were added with uniformly dispersing in the 
shortest possible time. The kneading was completed when the glass fibers were wetted and uniformly dispersed. In 
such way, seven kinds of molding materials having various binder resin components were obtained. 
[0141] Then, seven kinds of these molding materials were subjected to compression molding under the conditions 
of a molding temperature of 150°C and an injection pressure of 35 kg/cm 2 to produce a cylindrical molded article having 
a diameter of 19 mm. Then, a decomposition treatment test -of this molded article was performed. The test was per- 
formed by dipping it in a decomposition solution containing at least a base and a solvolyzing agent. In this Example, 
an aqueous 5N sodium hydroxide solution was used as the decomposition solution. The respective molded articles of 
the molding materials were dipped in this solution at 90°C for 24 hours, and then the permeation depth of the decom- 
position solution and surface hardness of the molded articles after subjecting to a decomposition solution dipping 
treatment were measured. The hardness was measured using a rubber hardness tester, assuming that the molded 
article after treatment becomes very brittle. The results are shown in Table 9. 



Table 9" 
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2-Hydroxyethyl methacrylate (molar 
fraction) 


Permeation depth of decomposition solution" 
(mm) 


Surface hardness 
<°> 


0.2 


2.2 


78 


0.3 


2.9 


68 


0.4 


4.1 


54 


0.5 


4.9 


.45 


0.6 


6.1 


33 


0.7 


7.2 


28 


0.8 


8.1 


25 



[0142] The larger the molar fraction of 2-hydroxyethyl methacrylate in the addition-polymerizable monomer, the high- 
er the permeability of the decomposition reaction becomes. Also, the surface hardness after the decomposition treat- 
45 ment becomes lower. The presence of 2-hydroxyethyl methacrylate improves the decomposition properties of the 
molding material. Particularly, when the molar fraction of 2-hydroxyethyl methacrylate is not less than 0.4, the surface 
hardness after the decomposition treatment is low. It was in the state where any treatment (e.g. shredding, grinding, 
volume reduction, peeling, etc.) is easily performed by a hand method, because the hardness after the decomposition 
treatment is low. 

50 [0143] Since the unsaturated polyester resin has hitherto been a styrene solution of the unsaturated polyester, it was 
difficult to increase the content of 2-hydroxyethyl methacrylate in the addition-polymerizable monomer without increas- 
ing the total amount of the monomers relative to the unsaturated polyester. However, a binder resin having high de- 
composition properties, wherein the molar fraction of 2-hydroxyethyl methacrylate in the total addition-polymerizable 
monomer is not less than 0.4, can be made by using a liquid resin prepared by dissolving the unsaturated polyester 

55 in 2-hydroxyethyl methacrylate or a mixture of styrene and 2-hydroxyethyl methacrylate as in this Example. 

[0144] As described above, regarding the molding material of the present invention, a three-dimensional structure 
having an ester bond at the main chain and a 2-hydroxyl group having a high affinity for decomposition solution at the 
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crosslinked chain is formed by copolymerization of the unsaturated polyester and addition-copolymerizable monomer 
after curing, and the molded material is in a state where the low shrink agent is dispersed in the three-dimensional 
structure. Therefore, by dipping the molding material after curing in the decomposition solution containing the base 
and solvolyzing solvent, the decomposition solution quickly permeates into the composition because the substitution 
rate of a 2-hydroxyethyJ group is high and, at the same time, some ester bonds in the unsaturated polyester resin 
constituting the composition skeleton are solvolyzed and the binder resin loses the three-dimensional structure. There- 
fore, the molded article is disintegrated. 

[0145] In the above Example, explanation was made by taking 2-hydroxyethyl methacrylate as an example. In the 
case of 2-hydroxyethyl acrylate, the same tendency can be obtained. 

[0146] As a matter of course, 2-hydroxyethyl methacrylate and 2-hydroxyethyl acrylate may be simultaneously for- 
mulated and the sum of the molar fractions of the both in the addition-polymerizable monomer may be not less than 0.4. 

<Example 6> 

Test Sample 6-1 (not of the invention): 

[0147] Sixty Parts by weight of an unsaturated polyester were mixed with 40 parts by weight of 2-hydroxyethyl meth- 
acrylate as the addition-polymerizable monomer, and then the mixture was stirred in a nitrogen atmosphere at 100°C 
for 10 minutes to obtain a liquid resin containing 60% by weight of the unsaturated polyester. Then, 30 parts by weight 
of polycaprolactone (manufactured by Daicel Chemical Industries, Ltd., trade name: Placcel) were dissolved in 70 parts 
by weight of acrylic acid as the addition-polymerizable monomer to obtain a low shrink agent solution. To 17.71 parts 
by weight of the above unsaturated polyester liquid resin, added were 5.09 parts by weight of this low shrink agent 
solution and 0.25 parts by weight of 1,1-b|s(tert-butylperoxy)3,3,5-trimethylcyclohexane (manufactured by NOF Cor- 
poration, trade name: Perhexa 3M) as the curing agent, followed by sufficient mixing to obtain a binder resin compo- 
sition. 

[0148] Then, 57 parts by weight of calcium carbonate as the filler, 2 parts by weight of zinc stearate as the release 
agent and 1 part by weight of magnesium oxide as the thickener were transferred to a kneader, followed by dry mixing. 
About 5 minutes after mixing, the previously mixed binder composition was gradually added to this uniformly mixed 
dry mixture, followed by kneading to obtain a uniform pasty substance. 

[0149] A chopped strand obtained by cutting glass fibers with a cutter was distributed on a polyethylene film, which 
was impregnated with the above pasty substance to obtain a molding material. The impregnated molding material was 
aged after taking up a required length of the molding material, thereby thickening it to a required consistency. As a 
result, the glass fibers were formulated in an amount of about 30 parts by weight, based on 100 parts by weight of the 
pasty substance. 

Test Sample 6-2 (not of the invention): 

[01 50] Sixty Parts by weight of an unsaturated polyester were mixed with 40 parts by weight of 2-hydroxyethyl meth- 
acrylate as the addition-polymerizable monomer, and then the mixture was stirred in a nitrogen atmosphere at 10Q°C 
for 10 minutes to obtain a liquid resin containing 60% by weight of the unsaturated polyester. Then, 30 parts by weight 
of a methyl methacrylate-butadiene-styrene copolymer (MBS resin) as the low shrink agent were dissolved in 70 parts 
r by weight of 2-hydroxyethyl acrylate as the addition-polymerizable monomer to obtain a low shrink agent solution. To 
13.83 parts by weight of the above unsaturated polyester liquid resin, added were 3.97 parts by weight of this low 
shrink agent solution and 5 parts by weight of polylactic acid (manufactured by Shimadzu Corporation, trade name: 
Lacty) in the form of particles as the aliphatic polyester. Finally, 0.25 parts by weight of 1 ,1-bis(tert-butylperoxy)3,3,5-tri- 
methylcyclohexane (manufactured by NOF Corporation, trade name: Perhexa 3M) as the curing agent were added, 
followed by sufficient mixing to obtain a binder resin composition. 

[0151] According to the same manner as that described in Test Sample 6-1 except for using the above binder com- 
position, a molding material was obtained. 

[0152] Since the molding materials of Test Samples 6-1 and 6-2 have ^a sheet-like shape, they may be a sort of a 
molding material which is normally referred to as "SMC" and are in a non-adhesive state although they contain styrene. 
[0153] When the molding materials of Test Samples 6-1 and 6-2 are compared with FRP of an unsaturated polyester 
resin which is often used industrially, the moldability, curing characteristics (curing time) and strength of these molding 
materials were almost the same as those of FRP, and the dimension stability was also sufficient. Therefore, it is found 
that an MBS (methyl methacrylate-butadiene-styrene) resin or polycaprolactone as the thermoplastic polyester serves 
as the low shrink agent. Accordingly, the molding materials of the present invention can be sufficiently applied to the 
application where a normal FRP material is used. 

[0154] Then, the molding materials of Test Samples 6-1 and 6-2 were subjected to compression molding under the 
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conditions of a molding temperature of 150°C and an injection pressure of 35 kg/cm 2 to produce a cylindrical molded 
article having a diameter of 19 mm. Then, a decomposition treatment test of these molded articles was performed. 
The test was performed by dipping them in a decomposition solution containing at least a base and a solvolyzing agent. 
In this Example, an aqueous 4N sodium hydroxide solution was used as the decomposition solution. For comparison, 
the molded article was also dipped. in a decomposition solution of only water, which contains no base. The molded 
articles of the molding materials were dipped in the respective decomposition solutions at 90°C, and then the perme- 
ation depth of the decomposition solution and surface hardness of the molded articles after subjecting to a decompo- 
sition solution dipping treatment were measured. The hardnes§ was measured using a rubber hardness tester. The 
results are shown in Table 10- 

Table 10 - 





Permeation depth of decomposition solution (mm) 


Surface hardness (°) 


Test Sample 6-1 


7.2 


28 


Test Sample 6-2 


7.1 


26 



[0155] Within 24 hours after dipping, the decomposition solution completely permeated into the molded article and 
all molded articles showed high decomposition properties. After 24 hours,. the molded article was too soft to measure 
the surface hardness. That is, the molded article was in the state where any treatment (e.g. shredding, grinding, volume 
reduction, etc.) is easily performed. The molding material containing 2-hydroxyethyl acrylate or 2-hydroxyethyl meth- 
acrylate having a high affinity for decomposition solution exhibits excellent decomposition properties to the decompo- 
sition solution as a solvolyzing solution containing at least the base and water. 

[01 56] On the other hand, the molded article was not attacked at all due to the treatment using water, and the surface 
hardness was still hard. 

[01 57] As is apparent from Test Samples 6-1 and 6-2, the molding material of the present invention can be converted 
into a very soft state by using the decomposition solution containing at least the base and water. Therefore, the volume 
reduction and shredding of the molding material can be performed without applying any force. When the molding 
material includes other parts, they can be easily peeled off and separated. On the other hand, the molding material of 
the present invention is not attacked at all by water containing no base. Accordingly, the molding material is not attacked 
under a normal environment, even in the humid or wet state. However, it is preferred to coat the surface for safety 
under the environment where it is continuously exposed to nigh temperature and high humidity. In this case, a coating 
layer can be provided by applying a solution or suspension prepared by dissolving or suspending a resin (e.g. poly- 
ethylene, polypropylene,, polystyrene, polyvinyl acetal, etc.), followed by drying. Since a thickness of the coating layer 
is from about 0.1 to 0.5 mm, the decomposition treatment of the molded article after coating may be performed by 
dipping in the decomposition solution after removing the coating layer from the surface using a file. 
[0158] Since acrylic acid sometimes receives a gelation action from iron, it is preferred not to use pure iron in the 
vicinity of a mold at the time of molding the molding material containing acrylic acid. 

[0159] An aliphatic polyester which enhances the decomposition properties can be formulated in the shape of par- 
ticles as in Test Sample 6-2. It is also possible to formulate in the state of being dissolved in a monomer. 
[0160] In Test Sample 6-2, polylactic acid as the aliphatic polyester was contained in the shape of particles, but it 
may be in the shape of fibers or needles. 

[0161] The construction and production process of the molding material are not limited to those described in Exam- 
ples 1 to 6. For example, fillers (e.g. calcium carbonate, calcium silicate, barium sulfate, aluminum hydroxide, talc, 
mica, etc.), reinforcers (e.g. glass fiber, carbon fiber, etc.), thickeners, release agents and colorants' may be formulated. 
[0162] In Examples 1 to 6, the compression molding was used at the time of molding the molding material, but the 
transfer molding or injection molding may be used. 

[0163] In Examples 1 and 3 to 5, the molding material having the bulk-like shape was explained and, in Examples 
2 and 6, SMC having the sheet-like shape was explained. In addition to them, granular PMC (pelletized type molding 
compound) may be used. 

[01 64] In Examples 1 to 6, the example of molding into the cylindrical shape was used, but is not limited thereto. The 
molded article having other shape, paint, putty, adhesive, etc. may be used. 

[0165] The solution used for dipping the molded article of the molding material of the present invention, thereby to 
perform the decomposition treatment is not limited to the composition and formulation ratio of the above Examples, 
and it may be a solution containing at least a base and a solvolyzing agent. Examples of the base include metal 
hydroxides (e.g. sodium hydroxide, potassium hydroxide, etc.), metal oxides (e.g. sodium oxide, calcium oxide, etc.) 
and metal alkoxides (e.g. sodium ethoxide, potassium t-butoxide, etc.), in addition to sodium hydroxide described in 
the above Examples. These can be used alone or in combination. As the solvolyzing solvent, ethanol, methanol, eth- 
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ylene glycol, ammonia, acetic acid, hydrazine, etc. can be formulated, in addition to water used in the above Examples. 
[0166] It is also possible to use diethanolamine, which serves as the base and solvojyzing solvent, alone. 
[0167] In addition to the solvoiyzing solvent, solvents (e.g. diethyl ether, dioxane, tetrahydrofuran, acetone, dimeth- 
ylformamide, dimethylamine, etc.) can be used alone or in combination in the decomposition solution. 
5 [0168] The temperature at the time of performing the decomposition treatment is not limited to the value of the Ex- 
amples, as a matter of course. 

[0169] The final molded article obtained from the molding material of the present invention can be used in various 
fields such as construction materials (e.g. bath, filth-treating tank, water storage tank, washstand, etc.), household 
products (e.g. chair, desk, furniture, etc.), civil engineering materials (e.g. tile, artificial marble, pipe, etc.), bodies or 
10 parts of transports (e.g. ship, automobile, railroad, aircraft, etc.), residential apparatuses, decorative laminated mate- 
rials, decorative articles and the like. 

<Exampie 7> 

15 [0170] Next, Examples of the molded motor of the present invention will be explained. 
Test Sample 7-1: 

[0171] Sixty-one Parts by weight of an unsaturated polyester were mixed with 34 parts by weight of 2-hydroxyethyl 
20 methacrylate and 5 parts by weight of styrene as the addition-polymerizable monomers, and then the mixture was 
stirred in a nitrogen atmosphere at 100°C for 10 minutes to obtain an unsaturated polyester liquid resin. Then, 30 parts 
by weight of polycaprolactone (manufactured by Daicel Chemical Industries, Ltd., trade name: Placcel) which is the 
low shrink agent and is also the thermoplastic polyester was added to 70 parts by weight of a mixture of styrene and 
2-hydroxyethyl methacrylate as the addition-polymerizable monomers in a weight ratio of 1:1 to obtain a low shrink 
25 agent solution. To 17.71 parts by weight of the above unsaturated polyester liquid resin, added were 5.09 parts by 
weight of this low shrink agent solution and 0.25 parts by weight of 1 ,1-bis(tert-butylperoxy)3,3,5-trimethyJcyclohexane 
(manufactured by NOF Corporation, trade name: Perhexa 3M) as the curing agent, followed by sufficient mixing to 
obtain a composition for a binder. 

[0172] Then, 9.91 parts by weight of calcium carbonate and 50.8 parts by weight of aluminum hydroxide as the fillers, 
30 1.24 parts by weight of zinc stearate as the release agent, 0.37 parts by weight of carbon powders as the colorant and 
0.99 parts by weight of polyethylene were transferred to a kneader, followed by dry mixing. About 5 minutes after 
mixing, the previously mixed binder composition was gradually added to this uniformly mixed dry mixture, followed by 
kneading to obtain a uniform pasty substance. 

[0173] To this pasty substance, 13.63 parts by weight of glass fibers were added with uniformly dispersing in the 
35 shortest possible time. The kneading was completed when the glass fibers were wetted and uniformly dispersed. In 
such way, a molding material was obtained. 

[0174] This molding material and an iron core on which a winding is wound through an insulating material were 
integrally molded at 150°C to produce a molded stator as shown in Fig. 1. After this molded stator was dipped in an 
aqueous 5N sodium hydroxide solution at 90°C for 24 hours, a trial of removing the molding material was made. As a 
40 result, it was possible to remove the molding material by hand, thereby separating the winding and iron core. 

[0175] Furthermore, the molding material remaining partially on the winding can be completely removed by dipping 
in the same solution for 8 hours. 

Test Sample 7-2: ' 

45 

[0176] Seventy-one Parts by weight of an unsaturated polyester were mixed with 29 parts by weight of styrene as 
the addition-polymerizable monomer, and then the mixture was stirred in a nitrogen atmosphere at 1 00°C for 1 0 minutes 
to obtain an unsaturated polyester liquid resin. Then, 29 parts by weight of polydipropylene adipate, which is the low 
shrink agent and is also the thermoplastic polyester, were added to 71 parts by weight of 2-hydroxyethyl methacrylate 

so as the addition-polymerizable monomer to obtain a low shrink agent solution. To 14.35 parts by weight of the above 
unsaturated polyester liquid resin, added were 7.45 parts by weight of this low shrink agent solution and 0.25 parts by 
weight of 1,1-bis(tert-butyiperoxy)3,3,5-trimethylcyclohexane (manufactured by NOF Corporation, trade name: Per- 
hexa 3M) as the curing agent, followed by sufficient mixing to obtain a composition for a binder. 
[0177] Then, 17.86 parts by weight of calcium carbonate and 8.48 parts by weight of aluminum hydroxide as the 

55 fillers, 1.53 parts by weight of zinc stearate as the release agent and 0.38 parts by weight of carbon powders as the 
colorant were transferred to a kneader, followed by dry mixing. About 5 minutes after mixing, the previously mixed 
binder composition was gradually added to this uniformly mixed dry mixture, followed by kneading to obtain a uniform 
pasty substance. 
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[0178] To this pasty substance, 9.70 parts by weight of glass fibers were added with uniformly dispersing in the 
shortest possible time. The kneading was completed when the glass fibers were wetted and uniformly dispersed. In 
such way, a molding material was obtained. 

[0179] This molding material and an iron core on which a winding is wound through an insulating material were 
integrally molded at 150°C to produce a molded stator as shown in Fig. 1 . After this molded stator was dipped in an 
aqueous 5N sodium hydroxide solution at 90 D C for 24 hours, a trial of removing the molding material was made. As a 
result, it was possible to remove the molding material by hand, thereby separating the winding and iron core. 
[0180] Furthermore, the molding material remaining partially on the winding can be completely removed by dipping 
in the same solution for 10 hours. 

[0181] As described above, regarding the molded motor obtained by coating the winding and iron core with the 
molding material of the present invention, followed by molding, the molded part is decomposed and disintegrated by 
dipping in the decomposition solution of the base and solvolyzing solvent. Therefore, it is in the state where peeling is 
easily performed and the molded part can be easily separated from the iron core and winding. That is, it is a molded 
motor whose recovery of the metal as a valuable material is extremely high. 

[0182] The molding material used for the molded motor is not limited to the composition of this Example and may 
be any molding material of the present invention. 

Industrial Applicability 

[0183] As described above, according to the present invention, there can be provided a molding material and a 
molded motor, which can be easily decomposed by using an alkaline solution. Accordingly, the molding material of the 
present invention can be used for various structural materials and, besides, waste disposal after use can be easily 
performed. Regarding the molded motor of the present invention, a metal of value (e.g. iron core, winding, etc.) can 
be recovered after use. 

Claims 

1. A molding material comprising, as a binder, a thermosetting composition of an unsaturated polyester, an addition- 
polymerizable monomer and a low shrink agent, wherein said addition-polymerizable monomer contains a mon- 
omer having an affinity for alkaline solution selected from the group consisting of a sulfonic acid having an ethylene 
bond which is at least one selected from the group consisting of vinylsulfonic acid, styrenesulfonic acid and allyi- 
sulfonic acid; a metal salt of a carboxylic or sulfonic acid which is selected from the group consisting of sodium 
acrylate, sodium methacryiate, sodium vinylacetate and sodium vinylsulfonate; and an acid anhydride having an 
ethylene bond which is selected from the group consisting of maleic anhydride, itaconic anhydride and citraconic 
anhydride, and an ester selected from the group consisting of hydroxyethyl acrylate, hydroxyethyl methacryiate, 
hydroxypropyl acrylate, hydroxypropyl methacryiate, dimehtylaminopropyl acrylate, dimethyl aminopropyl meth- 
acryiate, diethylaminoethyl acrylate, diethylaminoethyl methacryiate, dimethylaminoethyl acrylate, dimethylami- 
noethyl methacryiate, hydroxyethyl styrenesulfonate and hydroxyethyl vinylsulfonate, and an amide, selected from 
the group consisting of hydroxymethylacrylamide, hydroxymethylmethacrylamide, dimethylaminopropylacryla- 
mide, dimethylaminppropylmethacrylamide, 2-acrylamide-2-methylpropanesu}fonic acid, N,N-dimethylvinylsuifon- 
ic acid amide and N, N-hydroxym ethyl vinylsulfonic acid amide, and wherein the low shrink agent is a thermoplastic 
polyester, and wherein the addition polymerizable monomer contains a monomer having affinity for alkaline solution 
and styrene monomer and the monomer having affinity for alkaline solution is present in an amount of 40 to 80 wt. 
% based on the whole monomers. 

2. The molding material according to claim 1 , wherein said thermoplastic polyester is at least one selected from the 
group consisting of polycaprolactone, polypropiolactone, polyethylene adipate, polybutylene adipate, polydipro- 
pylene adipate, polypropylene adipate, polytetramethylene adipate, polyethylene succinate, polybutylene succi- 
nate, polydipropylene succinate, polypropylene succinate, polytetramethylene succinate, polyethylene phthalate, 
polypropylene phthalate, polydipropylene phthalate, polybutylene phthalate, polyethylene isophthalate, polypro- 
pylene isophthalate, polydipropylene isophthalate and polydibutylene isophthalate. 

3. The molding material according to claim 1, further comprising at least one aliphatic polyester selected from the 
group consisting of polylactic acid, polyglycolic acid, polycaprolactonediol, polycaprolactone triol and a copolymer 
of 3-hydroxyalkanoate. 

4. A molded motor comprising a molded part of an iron core, a winding and a molding material, wherein said molded 
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part is integrally molded so as to coat at least one part of the iron core and winding with said molding material, 
and wherein said molding material is the molding material described in claim 1. 

5. The molding material according to claim 4, wherein said thermoplastic polyester is at least one selected from the 
group consisting of polycaprolactone, polypropiol acton e, polyethylene adipate, polybutylene adipate, polydipro- 
pylene adipate, polypropylene adipate, polytetramethylene adipate, polyethylene succinate, polybutylene succi- 
nate, polydipropylene succinate, polypropylene succinate, polytetra methylene succinate, polyethylene phthalate, 
polypropylene phthalate, polydipropylene phthalate, polybutylene phthalate, polyethylene isophthalate, polypro- 
pylene isophthalate, polydipropylene isophthalate and polydibutylene isophthalate. 

6. The molded motor according to claim 4, wherein said molding material further comprises at least one aliphatic 
polyester selected from the group consisting of polylactic acid, polyglycoiic acid, polycaprolactonediol, polycapro- 
lactone triol and a copolymer of 3-hydroxyalkanoate. 



Patentanspruche 

1. Formmasse, umfassend, a Is Bindemittel, eine warmehartbare Zusammensetzung aus einem ungesattigten Poly- 
ester, einem polymerisierbaren Zusatzmonomer und einem Mittel niedriger Schrumpfung, worin das polymerisier- 
bare Zusatzmonomer ein Monomer mit einer Affinitat gegenuber einer alkalischen Losung enthalt, ausgewahlt aus 
der Gruppe, bestehend aus einer Sulfonsaure mit einer Ethylenbindung, welche wenigstens eine ist, ausgewahlt 
aus der Gruppe, bestehend aus Vinylsulfonsaure, Styrolsulfonsaure und Allylsulfonsaure; einem Metallsalz einer 
Carbonsaure oder Sulfonsaure, welche ausgewahlt ist aus der Gruppe, bestehend aus Natriumacrylat, Natrium- 
methacrylat, Natriumvinylacetat und Natriumvinylsulfonat; und einem Saureanhydrid mit einer Ethylenbindung, 
ausgewahlt aus der Gruppe, bestehend aus Maleinsaureanhydrid, Itaconsaureanhydrid und Zitronensaureanhy- 
drid, und einem Ester, ausgewahlt aus der Gruppe, bestehend aus Hydroxyl ethyl aery lat, Hydroxylethyimethacrylat, 
Hydroxypropylacrylat, Hydroxypropyl methacrylat, Dimethylaminopropyiacrylat, Dimethylaminopropyl methacrylat, 
Diethylaminoethylacrylat, Diethylaminoethylmethacrylat, Dimethylaminoethylacrylat, Dimethyla mi noethyl me- 
thacrylat, Hydroxyethylstyrolsulfonat und Hydroxyethylvinylsulfonat, und einem Amid, ausgewahlt aus der Gruppe, 
bestehend aus Hydroxymethylacrylamid, Hydroxymethylmethacrylamid, Dimethylaminopropylacrylamid, Dime- 
thyl a minopropylacryl amid, Dimethylaminopropylacrylamid, Dimethylaminopropylmethacrylamid, 2-Acrylamid- 
2-methylpropansulfonsaure, N,N-Dimethylvinylsulfonsaureamid und N,N-Hydroxymethylvinyl- sulfonsaureamid, 
und worin das Mittel mit niederer Schrumpfung ein thermoplastischer Polyester ist, und worin das polymerisierbare 
Zusatzmonomer ein Monomer fur alkalische Losung und Styrolmonomer enthalt, und das Monomer mit Affinitat 
fur alkalische Losung in einer Menge von 40 bis 80 Gew.-%, bezogen auf die gesamten Monomere, vorhanden ist. 

2. Formmasse nach Anspruch 1, worin der thermoplastische Polyester wenigstens einer ist, ausgewahlt aus der 
Gruppe, bestehend aus Polycaprolacton, Polypropiolacton, Polyethylenadipat, Polybutylenadipat, P olydi propyl e- 
nadipat, Polypropylenadipat, Polytetra methylenadipat, Poly ethyl ens uccinat, Polybutylensuccinat, Polydipropylen- 
succinat, Polypropylensuccinat, Polytetramethylensuccinat, Polyethylenphthalat, Polypropylenphthalat, Polydi- 
propylenphthalat, Polybutylenphthalat, Polyethylenisophthalat, Polypropylenisopthalat, Polydipropylenisophthalat 
und Polydibutylenisophthalat. 

3. Formmasse nach Anspruch 1 , weiterhin umfassend wenigstens einen aliphatischen Polyester, ausgewahlt aus 
der Gruppe, bestehend aus Polymilchsaure, Polyglykolsaure, Polycaprolactondiol, Polycaprolactontriol und einem 
Copolymer von 3-Hydroxyalkanoat. 

4. Geformter Motor, umfassend einen geformten Teil aus einem Eisenkem, einer Wicklung und einer Formmasse, 
worin der geformte Teil integral geformt ist, so dass wenigstens ein Teil des Eisenkerns und der Wicklung mit der 
Formmasse beschichtet ist, und worin die Formmasse die in Anspruch 1 beschriebene Formmasse ist. 

5. Formmasse nach Anspruch 4, worin der thermoplastische Polyester wenigstens einer ist, ausgewahlt aus der 
Gruppe, bestehend aus Polycaprolacton, Polypropiolacton, Polethylenadipat, Polybutylenadipat, Polydipropylen- 
adipat, Polypropylenadipat, Polytetramethylenadipat, Polyethylensuccinat, Polybutylensuccinat, Polydipropylen- 
succinat, Polypropylensuccinat, Polytetramethylensuccinat, Polyethylenphthalat, Polypropylenphthalat, Polydi- 
propylenphthalat, Polybutylenphthalat, Polyethylenisophthalat, Polypropylenisophthalat, Polydipropylenisophtha- 
lat und Polydibutylenisophthalat. 
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6. Geformter Motor nach Anspruch 4, worin die Formmasse weiterhin wenigstens einen aliphatischen Polyester um- 
fasst, ausgewahlt aus der Gruppe, bestehend aus Polymilchsaure, Polyglykolsaure, Polycaprolactondiol, Polyca- 
prolactontriol und einern Copolymer von 3-Hydroxyalkanoat. 



Revendications 

1. Material! de moulage comprenant, en tant que liant, une composition thermodurcissable d'un polyester insature, 
un monomere polymerisable par addition et un agent a faible retrait, dans lequel ledit monomere polymerisable 
par addition contient un monomere presentant une afRnite pour une solution alcaline, choisi parmi le groupe cons- 
titue d'un acide sulfonique comportant une liaison ethylene qui est au moins un compose choisi parmi le groupe 
constitue de I'acide vinylsulfonique, de I'acide styrene-suffonique et de I'acide allylsulfonique, d'un sel de metal 
d'un acide carboxylique ou sulfonique qui est choisi parmi le groupe constitue de I'acrylate de sodium, du metha- 
crylate de sodium, du vinylacetate de sodium et du vinyl sulfonate de sodium, et d'un anhydride d'acide comportant 
Une liaison ethylene qui est choisi parmi le groupe constitue de I'anhydride malelque, de ('anhydride itaconique et 
de I'anhydride citraconique, et d'un ester choisi parmi le groupe constitue de I'acrylate d'hydroxyethyle, du metha- 
crylate d'hydroxyethyle, de I'acrylate d'hydroxypropyle, du methacrylate d'hydroxypropyle, de I'acrylate de dime- 
thylaminopropyle, du methacrylate de dimethylaminopropyle, de I'acrylate de diethylamino-ethyle, du methacrylate 
de diethylamino-ethyle, de I'acrylate de dimethyl ami no-ethyle, du methacrylate de dimethyla mi no-ethyle, du sty- 
rene-sulfonate d'hydroxyethyle et du vinylsulfohate d'hydroxyethyle, et d'un amide choisi parmi le groupe constitue 
de rhydroxymethylacrylamide, de Thydroxymethyl met hacryl amide, du dimethylaminopropylacrylamide, du dime- 
thylaminopropylmethacrylamide, de I'acide 2-acrylamide-2-methylpropane-sulfonique, de I'amide de I'acide N,N- 
dimethylvinylsulfonique et de I'amide de I'acide N,N-hydroxymethylvinylsulfonique, et dans lequel I'agent a faible 
retrait est un polyester thermoplastique, et dans lequel le monomere polymerisable par addition contient un mo- 
nomere presentant une afRnite pour une solution alcaline et un monomere de styrene, et le monomere presentant 
une afRnite pour une solution alcaline est present dans une proportion de 40 a 80 % en poids sur la base de 
I'ensemble des monomeres. * 

2. Materiau de moulage selon la revendication 1 , dans lequel ledit polyester thermoplastique est au moins un com- 
pose choisi parmi le groupe constitue d'une polycaprolactone, d'une polypropiolactone, d'un polyadipate d' ethy- 
lene, d'un polyadipate de butylene, d'un polyadipate de dipropylene, d'un polyadipate de propylene, d'un polyadi- 
pate de tetramethylene, d'un polysuccinate d'ethylene, d'un polysuccinate de butylene, d'un polysuccinate de di- 
propylene, d'un polysuccinate de propylene, d'un polysuccinate de tetramethylene, d'un polyphtalate d'ethylene, 
d'un polyphtalate de propylene, d'un polyphtalate de dipropylene, d'un polyphtalate de butylene, d'un polyisoph- 
talate d'ethylene, d'un polyisophtalate de propylene, d'un polyisophtaiate de dipropylene, et d'un polyisophtalate 
de dibutylene. 

3. Materiau de moulage selon la revendication 1 , comprenant en outre au moins un polyester a liphatique choisi parmi 
le groupe constitue d'un polyacide lactique, d'un polyacide glycolique, d'un polycaprolactonediol, d'un polycapro- 
lactonetriol et d'un copolymere de 3-hydroxyalcanoate. 

4. Moteur moule comprenant une partie rnoulee d'un noyau de fer, un enroulement et un materiau de moulage, dans 
lequel ladite partie moulee est rnoulee de facon integree de.facon a revetir au moins une partie du noyau de fer 
et de I'enrbulement avec ledit materiau de moulage, et dans lequel ledit materiau de moulage est le materiau de 
moulage decrit dans la revendication 1. 

5. Materiau de moulage selon la revendication 4, dans lequel ledit polyester thermoplastique est au moins un com- 
pose choisi parmi le groupe constitue d'une polycaprolactone, d'une polypropiolactone, d'un polyadipate Methy- 
lene, d'un polyadipate de butylene, d'un polyadipate de dipropylene, d'un polyadipate de propylene, d'un. polyadi- 
pate de tetramethylene, d'un polysuccinate d'ethylene, d'un polysuccinate de butylene, d'un polysuccinate de di- 
propylene, d'un polysuccinate de propylene, d'un polysuccinate de tetramethylene, d'un polyphtalate d'ethylene, 
d'un polyphtalate de propylene, d'un polyphtalate de dipropylene, d'un polyphtalate de butylene, d'un polyisoph- 
talate d'ethylene, d'un polyisophtalate de propylene, d'un polyisophtalate de dipropylene, et d'un polyisophtalate 
de dibutylene. 

6. Moteur mpule selon la revendication 4, dans lequel ledit materiau de moulage comprend en outre au moins un 
polyester aliphatique choisi parmi le groupe constitue d'un polyacide lactique, d'un polyacide glycolique, d'un po- 
lycaprolactonediol, d'un polycaprolactonetriol et d'un copolymere de 3-hydroxyalcanoate. 
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FIG. 1 
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